Objective-Myocardial infarction (MI) is a serious complication of atherosclerosis associated with increasing mortality attributable to heart failure. Activation of phosphoinositide 3-kinase [PI3K(p110␣)] is considered a new strategy for the treatment of heart failure. However, whether PI3K(p110␣) provides protection in a setting of MI is unknown, and PI3K(p110␣) is difficult to target because it has multiple actions in numerous cell types. The goal of this study was to assess whether PI3K(p110␣) is beneficial in a setting of MI and, if so, to identify cardiac-selective microRNA and mRNA that mediate the protective properties of PI3K(p110␣). Methods and Results-Cardiomyocyte-specific transgenic mice with increased or decreased PI3K(p110␣) activity (caPI3K-Tg and dnPI3K-Tg, respectively) were subjected to MI for 8 weeks. The caPI3K-Tg subjected to MI had better cardiac function than nontransgenic mice, whereas dnPI3K-Tg had worse function. Using microarray analysis, we identified PI3K-regulated miRNA and mRNA that were correlated with cardiac function, including growth factor receptor-bound 14. Growth factor receptor-bound 14 is highly expressed in the heart and positively correlated with PI3K(p110␣) activity and cardiac function. Mice deficient in growth factor receptor-bound 14 have cardiac dysfunction. Conclusion-Activation of PI3K(p110␣) protects the heart against MI-induced heart failure. Cardiac-selective targets that mediate the protective effects of PI3K(p110␣) represent new drug targets for heart failure. (Arterioscler Thromb Vasc Biol. 2010;30:724-732.)
T he most common cause of heart failure is atherosclerotic coronary artery disease. Coronary artery occlusion leads to myocardial infarction (MI), which causes necrosis to an area of the myocardium, pathological remodeling (cardiac hypertrophy, cell death, and fibrosis), and cardiac dysfunction. Postinfarction heart failure is associated with high morbidity and mortality rates and has increased in prevalence because of less mortality associated with acute coronary events with improved reperfusion therapies. In general, therapeutics and research have focused on inhibiting pathological processes that contribute to heart failure. We previously reported the potential of a proactive intervention via activation of the insulin-like growth factor-1-phosphoinositide 3-kinase (PI3K, p110␣) pathway in mouse models of pressure overload or dilated cardiomyopathy. [1] [2] [3] Increased PI3K activity improved either lifespan or cardiac function in these models. The protective effect of the insulin-like growth factor-1-PI3K pathway relates to its critical role in regulating physiological growth of the heart (eg, postnatal developmental growth or exercise-induced growth). In contrast with pathological heart growth/hypertrophy, physiological growth is not associated with fibrosis, dysfunction, or increased morbidity and mortality. 4 -6 It is now generally accepted that the insulin-like growth factor-1-PI3K(p110␣) pathway regulates physiological hypertrophy and cardiac protection, whereas activation of other signaling cascades, including those downstream of G-protein-coupled receptors, regulate pathological hypertrophy. 6 The aim of the current study was to examine whether PI3K is beneficial in a setting of MI-induced heart failure and, if so, to identify PI3K-regulated targets that mediate its protective properties. Whereas growing evidence shows the benefits of activating the insulin-like growth factor-1-PI3K pathway in the heart, 7 there are challenges in targeting PI3K(p110␣) directly because of the numerous actions of PI3K(p110␣) in various cell types. Therefore, we set out to identify cardiac-selective miRNA and mRNA regulated by PI3K(p110␣) in a setting of cardiac stress that would represent better drug targets.
Materials and Methods

Experimental Animals
The Alfred Medical Research and Education Precinct Animal Ethics Committee approved animal care and experimentation. Mice originated from the laboratory of Dr. Seigo Izumo (Beth Isreael Deaconess Medical Center and Harvard Medical School). Cardiomyocytespecific transgenic (Tg) mice (FVB/N background) with increased PI3K(p110␣) activity (constitutively active PI3K(p110␣) [caPI3K]) or decreased PI3K(p110␣) activity (dominant-negative PI3K(p110␣) [dnPI3K]) were generated as described. 8 The caPI3K-Tg have elevated cardiac PI3K(p110␣) activity and hearts that are 20% larger with normal cardiac function (physiological hypertrophy, "athlete's heart"). 8 By contrast, dnPI3K-Tg have decreased cardiac PI3K(p110␣) activity and hearts that are 20% smaller than those of nontransgenic (Ntg) littermates. 8 Growth receptor-bound (Grb) 14 knockout (KO) mice (C57BL/6 background) and controls (wild-type [WT]; heterozygotes [Grb14 ϩ/Ϫ ]) were previously generated as described. 9 These mice originated from the laboratory of Professor Roger Daly (Garvan Institute of Medical Research).
Experimental Protocols
The most widely used mouse models for atherosclerosis do not usually exhibit MI; thus, in this study, we used a surgical model of MI. At 3 to 4 months of age, PI3K and Ntg mice were subjected to MI or the sham surgery for 8 weeks as described. 10 In brief, open-chest surgery was performed for permanent occlusion of the left coronary artery or sham operation. Infarcted and noninfarcted left ventricle (LV) endocardial surface areas were measured from digital images of the LV pinned flat. Infarct size was calculated as a percentage of the infarct area over the entire LV area, as described. 11 A subset of Grb14 KO and controls (WT, Grb14 ϩ/Ϫ ) were subjected to MI for 6 weeks.
Echocardiography
Transthoracic echocardiography was performed using a Hewlett Packard Sonos 5500 with a 15-MHz linear array transducer in anesthetized mice (2,2,2-tribromoethanol:240 mg/kg, intraperitoneal). LV wall thicknesses, LV chamber dimensions, fractional shortening (FS), and heart rate were determined from M-mode tracings.
Hemodynamics
Arterial pressures, LV systolic and diastolic pressures, maximal rates of increase and decrease of LV pressures (dP/dt max , dP/dt min ), and heart rate were measured in anesthetized mice (ketamine/xylazine/ atropine, 100/10/1.2 mg/kg, intraperitoneal) using a 1.4-Fr Millar MIKRO-TIP catheter and a Powerlab System (ADInstruments) as described. 12
Protein Analysis
Lysates from heart tissue or isolated adult cardiac myocytes 1 were prepared as described 13 for assessment of pAkt, Grb14, and brainderived neurotrophic factor (BDNF) by Western blotting. A detailed description is presented in the Supplemental Materials (available at http://atvb.ahajournals.org).
AMP-Activated Protein Kinase Activity Assay
AMP-activated protein kinase (AMPK) activity was assessed in heart lysates from adult Ntg and caPI3K-Tg mice as described. 14 
Microarray Studies
A detailed description is presented in the Supplemental Materials. In brief, total RNA was extracted from the noninfarcted myocardium using TRIzol Reagent (Invitrogen). Differentially expressed mRNA and miRNA were then identified in the 6 models (ie, Ntg sham, dnPI3K sham, caPI3K sham, Ntg MI, dnPI3K MI, and caPI3K MI), followed by analysis to examine whether expression correlated with cardiac function (ie, FS). Finally, genes that were specifically or selectively expressed in cardiac muscle were identified using a bioinformatics approach.
Statistical Analysis
Results are presented as meanϮSE. Differences between the groups were compared using 1-way ANOVA followed by the Fisher protected least-significant difference or Tukey post hoc test. A value of PϽ0 . 05 was considered significant. . These changes in cardiac function were largely attributable to a significant increase in the chamber dimensions of dnPI3K-Tg after MI and a trend for a reduction in LV end-systolic dimension in caPI3K-Tg (Table 1) . Cardiac function was also assessed by measurement of hemodynamic parameters. MI led to a decrease in arterial blood pressure, LV systolic pressure, and maximum rates of increase or decrease in LV pressure (dP/dt max and dP/dt min ; Table 1 ). The caPI3K-Tg had better cardiac contractility after MI than Ntg or dnPI3K-Tg (dP/dt max in Table  1 ). Together, this indicates that PI3K(p110␣) is important for maintaining cardiac function in a setting of cardiac stress and that elevated levels of PI3K(p110␣) are beneficial.
Results
PI3K(p110␣) Is Protective in a Model of MI
Combining Genetic Profiling With Cardiac Function From PI3K-Tg Mouse Models to Identify Biologically Relevant Candidate Genes Regulated by PI3K(p110␣)
To identify PI3K-regulated targets, we performed microarray analysis on hearts of caPI3K-Tg, dnPI3K-Tg, and Ntg littermates. Under basal conditions, cardiac function (as assessed by FS) is similar in PI3K-Tg (ca and dn) and Ntg mice. 1, 3, 8 Because we set out to identify genes that were correlated with cardiac function, we subjected adult Ntg or PI3K-Tg mice to a cardiac stress, ie, MI. This represented a powerful approach to identify PI3K-regulated genes that are likely to have a functional role, because the decrease in cardiac function (ie, FS) in response to MI was genotype-dependent (dnPI3K-Tg, poor cardiac function; caPI3K-Tg, improved cardiac function compared to Ntg; Table 1 ). From a total of 3212 genes differentially expressed between the 6 groups (Ntg sham, Ntg MI, dnPI3K sham, dnPI3K MI, caPI3K sham, caPI3K MI; Supplemental Figure I heat map and Supplemental Table IA , IB, available at http://atvb.ahajournals.org), 295 genes were correlated directly with FS across the 6 models (Supplemental Table II ). Gene ontology (GO) analysis demonstrated a significant enrichment in genes involved in mitochondrial physiology, specifically oxidoreductase activity (GO: 0016491, with 20% of 295 vs 6% of all genes); mitochondrial inner membrane (GO: 0005743; 9% vs 2% of all genes); and electron transport (GO: 0006118; 10% vs 3% of all genes). The GO term "lipid metabolic process" (GO: 0006629) was also significantly enriched (13% of 295 vs 5% of all genes). Other sets of enriched genes in the 295 data set included a cluster of potassium voltage-gated channels (Kcnd2, Kcnv2, Kcnt2, and Kcnh2: all positively correlated with FS, except Kcnt2, which was negatively correlated), a cluster of 2 crystallin superfamily genes (crystallin beta A4 and crystallin beta B3) positively correlated with FS, and a cluster of histone genes (H2afv, Hist1h4h, Hist2h2aa1, Hist1h3a) positively correlated with FS.
Finally, to identify more specific candidate genes from those differentially regulated in the PI3K models and correlated with cardiac function (ie, genes presented in Table II ), we identified genes that were specifically or selectively expressed in cardiac muscle. By restricting these genes to those with Ͼ25% of expression attributable to heart tissue, we identified the following set of candidate genes: Acadm (medium chain acyl-Coenzyme A dehydrogenase), Grb14, and Asb15 (ankyrin repeat and SOCS box-containing protein 15).
Grb14 Protects the Heart Against Cardiac Dysfunction
Grb14 gene expression was positively correlated with cardiac function (Table II) and was of particular interest because it is highly expressed in the mouse heart in comparison with other tissues. 9 Consistent with our mRNA data, Grb14 protein expression was higher in hearts of caPI3K mice and was significantly lower in hearts of dnPI3K mice ( Figure 1A ). Grb14 KO mice were previously generated, with both males and females reported to display a reduction in body weight of 5% to 10% compared with WT controls; however, interestingly, this was associated with an increase in heart weight (cardiac function not assessed; other organ weights were decreased or unchanged). 9 Consistent with the earlier report, heart weight/tibial length was increased in Grb14 KO mice compared with WT mice in the current study ( Figure 1B) . Ventricular weight/tibial length and atrial weight/tibial length were also higher in Grb14 KO mice vs WT mice (atrial weight; Figure 1B ; ventricular weight/tibial length, 6.7Ϯ0.1 vs 6.2Ϯ0.1 mg/mm in Grb14 KO and WT mice, respectively; PϽ0.05). By echocardiography, LV systolic function (FS) was decreased by Ϸ25% in Grb14 KO mice at 12 and 28 weeks of age compared with WT controls ( Figure 1C ). The decline in FS was largely attributable to a significant increase in LV end-systolic dimension ( Table 2) . On histological analysis, collagen deposition was higher in ventricular sections from Grb14 KO mice compared with WT mice at 28 weeks ( Figure 1D ). Phosphorylation of Akt (downstream target of PI3K) was decreased in hearts of Grb14 KO mice in comparison with hearts from WT mice ( Figure 1E ). Finally, to assess whether Grb14 KO animals were more susceptible to a cardiac insult (as observed in dnPI3K-Tg mice), we subjected a subset of Grb14 KO mice to MI for 6 weeks. The decline in systolic function (ie, change in FS from pre-MI values) was exacerbated in Grb14 KO mice relative to control mice (WT or Grb14 ϩ/Ϫ ) in response to MI; infarct sizes between the groups were not different ( Figure 1F ). Together, these data indicate that loss of Grb14 has an adverse impact on the heart, and decreased expression of Grb14 in the dnPI3K heart is likely to contribute to cardiac dysfunction in dnPI3K mice subjected to MI. The biological role of Grb14 in the heart also demonstrates the potential of identifying candidate genes by combining a microarray and functional approach.
Identification of PI3K(p110␣)-Regulated miRNA Associated With Cardiac Protection
The miRNA differentially expressed in the 6 groups are presented in a heat map ( Figure II , Table III ). To identify miRNA that are likely to play a distinct role in regulating physiological heart growth, we first selected those miRNA that were differentially expressed in the dnPI3K-Tg and caPI3K-Tg mouse models (sham-operated mice vs Ntg sham). The miRNA that were decreased in hearts of caPI3K-Tg and increased in hearts of dnPI3K-Tg are presented in a Table with predicted mRNA targets (Table IV; predictions based on the presence of conserved seed sequences within the mRNA that complement the miRNA). We then selected those miRNA that were differentially regulated in a setting of physiological hypertrophy and cardiac protection (caPI3K sham model) and cardiac stress (Ntg MI). Differentially expressed miRNA along with predicted targets are presented in Figure 2 . Three miRNA (miRNA-222, miRNA-34a, and miRNA-210) were of particular interest because they were differentially regulated in hearts of caPI3K sham and dnPI3K sham, increased in Ntg MI vs caPI3K sham/Ntg sham, and expression was greatest in dnPI3K MI mice ( Figure 3A) . Interestingly, miRNA-222, miRNA-34a and miRNA-210 were also highly inversely correlated with Grb14 gene expression ( Figure 3B ; PϽ0.001). 
Potential Mechanisms by Which PI3K Provides Cardiac Protection
Akt is a well-characterized target of PI3K with cell survival and antiapoptotic actions in the heart. 15 The phosphorylation of Akt relative to total Akt was Ϸ3.5-fold higher in hearts of shamoperated caPI3K mice in comparison to Ntg and dnPI3K (sham and MI groups) mice and remained elevated in a setting of MI ( Figure 4A) . To determine the possible physiological significance of changes in miRNA-210, we examined BDNF in our caPI3K model. BDNF is a predicted target of miRNA-210 using TargetScanMouse5.1 (based on the presence of a conserved "seed region" [nucleotides 2-7; complementary base pairing between the 3Ј-untranslated regions of the mRNA and the 5Ј end of the miRNA]). BDNF was of added interest in the current study because of a recent report demonstrating that BDNF expression is elevated in human skeletal muscle in response to exercise and that BDNF is produced by contracting skeletal muscle cells and increases fatty acid oxidation via activation of AMPK. 16 BDNF protein expression was elevated in cardiac myocytes from caPI3K mice ( Figure 4B ), AMPK activity was increased in hearts of caPI3K mice ( Figure 4C) , and gene expression of Acadm (gene that encodes an enzyme that plays an important role in mitochondrial fatty acid oxidation in the heart) was highly correlated with FS in the PI3K MI data set ( Figure  4D , Table II ; PϽ0.001).
Discussion
Atherosclerosis and its complications, including MI-induced heart failure, are increasing because of an increasing aging population and increased rates of obesity and diabetes. Current therapeutics delay heart failure progression as opposed to improving the function of the failing heart. Activation of physiological signaling cascades, such as the PI3K(p110␣) pathway, represents a novel approach that may have advantages over strategies that largely inhibit proteins that lie on pathological signaling cascades (eg, angiotensin-converting enzyme inhibitors that block the effects of angiotensin II & G-protein-coupled receptors signaling), because PI3K has the ability to mediate the cardioprotective properties of physiological hypertrophy, in addition to inhibiting proteins downstream of G-protein-coupled receptors and blunting pathological hypertrophy. 1 Consequently, this strategy may hold promise for improving function of the failing heart as opposed to simply slowing disease progression. A current challenge in targeting PI3K is related to its widespread actions and expression in multiple cell types. Whereas the current study and our previous work 1 demonstrate that activating PI3K(p110␣) in the heart is beneficial, PI3K(p110␣) also permits cancer cells to bypass normal growth-limiting controls. 17 Thus, it is of great interest to identify downstream targets regulated by PI3K that may represent more specific therapeutic targets. In this study, we demonstrate that increased activity of PI3K(p110␣) can protect the heart against MI-induced heart failure, and we identify mRNA and miRNA differentially regulated by PI3K(p110␣) that are correlated with cardiac protection in a setting of cardiac stress. By utilizing cardiac-specific Tg mouse models with increased PI3K activity (caPI3K) and decreased PI3K activity (dnPI3K), we were able to identify genes that were specifically associated with PI3K activity. Addition of the MI model allowed us to further identify mRNA that are correlated with cardiac function and are likely to play a cardioprotective role in a setting of cardiac stress. Of the 295 genes identified using this approach, there was a significant representation of genes associated with mitochondrial energy metabolism. This is not surprising given the majority of ATP generation in the healthy heart can be attributed to oxidation of fatty acids and glucose in mitochondria, and dysregulation of these processes occurs during the development of heart failure. 18 One of the most interesting mRNA targets identified in the current analyses was Grb14. Grb14 mRNA expression was differentially regulated in our PI3K-Tg mouse models and was highly correlated with cardiac function in the PI3K MI data set. To directly assess the functional significance of Grb14 in the heart, we characterized the cardiac phenotype of Grb14 KO mice. Here, we report that loss of Grb14 induces cardiomyopathy associated with an increase in heart and atrial weight, decreased cardiac function, and interstitial fibrosis. Akt activation was lower in hearts of Grb14 KO mice under basal conditions. This is consistent with reduced Akt activation in dnPI3K hearts 8 and may explain why both animal models (ie, dnPI3K and Grb14 KO) are more susceptible to MI-induced heart failure than are control mice. The mechanism of Grb14 signaling in the heart represents an important area for further study. Known binding partners for Grb14 include the insulin receptor and fibroblast growth factor receptor-1; Grb14 negatively regulated signaling by both receptors. 9, 19 Grb14 bound to the insulin receptor in Chinese hamster ovary cells and delayed the activation of Akt, 20 and Grb14 inhibited Akt in cancer cells. 21 However, we detected decreased Akt activation in Grb14 KO hearts, indicating that Grb14 exerts a positive influence on Akt activation in this tissue context. One possibility is that this reflects the interaction of Grb14 with the Akt regulator PDK1. 22 Grb14 represents an attractive regulator of the PI3K (p110␣) pathway that may be targeted in the heart because of its high expression in this organ compared with other tissues. 9 Our findings of altered Grb14 expression in PI3K-Tg and MI hearts, together with the cardiomyopathy phenotype in the Grb14 KO mice, provide proof of principle and validation of our experimental design. The approach of identifying differentially expressed genes by microarray analysis that is correlated with a physiological outcome/end point (eg, cardiac function) represents a robust system for identifying downstream targets/regulators with functional significance.
Recently, there has been great interest in examining the therapeutic potential of miRNA in a setting of heart disease. [23] [24] [25] The miRNA are a family of small RNA (Ϸ22 nucleotides) that play important roles in the regulation of target genes by interacting/binding with specific sites in 3Ј-untranslated regions of messenger transcripts to repress their translation or regulate degradation. 26, 27 The miRNA are able to repress targets (proteins) with or without detectable changes in mRNA levels. 28 Recent studies have identified a number of miRNA linked with cardiac pathology. 23, 24 In contrast, miRNA biology of physiological cardiac hypertrophy and cardioprotection has received little attention. 29 One study found that miRNA-1 and miRNA-133 were decreased in 2 models of physiological cardiac hypertrophy (exercisetrained rats and cardiac-specific Akt Tg mice), but these miRNA were also decreased in a model of pathological hypertrophy (pressure overload) and in patients with heart disease. 30 To our knowledge, miRNA that are differentially regulated in settings of cardioprotection and cardiac stress have yet to be clearly identified. Thus, we identified miRNA differentially expressed in hearts of caPI3K and dnPI3K-Tg mice and focused on those miRNA in which expression was correlated with cardiac function in a setting of MI.
In the current study, miRNA-222, miRNA-31, miRNA-27a, miRNA-221, and miRNA-103 were all upregulated in hearts from dnPI3K sham, the noninfarcted myocardium of Ntg MI, and dnPI3K MI mice, and they have been linked with pathological hypertrophy. 31 By contrast, each of these miRNA was downregulated in the caPI3K sham cardiac samples, providing support for a distinct role of these miRNA in a setting of cardiac stress and cardiac protection associated with physiological hypertrophy induced by the caPI3K transgene. Van Rooij et al 32 have also performed miRNA analysis in a mouse model of MI. These authors identified miRNA in the border zone of the infarcted model and noninfarcted myocardium. Whereas miRNA expression was examined at different time intervals (3 and 14 days after MI) compared to the current study (8 weeks after MI), both studies identified a number of miRNA in the noninfarcted myocardium that were upregulated (miRNA-21, miRNA-214, miRNA-222, miRNA-140*, miRNA-199a-5p, miRNA-199b).
In the current study, miRNA-222, miRNA-34a, and miRNA-210 were of interest because expression levels were decreased in our model of physiological hypertrophy (caPI3K), increased in our model with decreased PI3K activity (dnPI3K), elevated in a setting of cardiac pathology (ie, MI), and correlated with the degree of cardiac dysfunction in the MI models. These 3 miRNA were also highly correlated with Grb14 mRNA expression. Grb14 is not a predicted target of miRNA-222, miRNA-34a, or miRNA-210. However, it is recognized that almost 30% of experimentally supported miRNA-target gene interactions are not predicted by current computational miRNA target prediction programs. 33 Alternatively, these miRNA may regulate Grb14 expression via indirect effects. The high correlation of Grb14 expression with each of the miRNA together with their identification based on a correlation with cardiac function suggest important interactions may exist and will form the basis of future studies. miRNA-210 is expressed largely in heart and teeth, 34 is increased in failing human hearts vs healthy hearts, 35 and increased apoptosis in HeLa cells. 36 Together, this suggests that inhibition of miRNA-210 in cardiac myocytes may be beneficial. However, the role of miRNA-210 may vary in different cell types and conditions (acute vs chronic). It was recently reported that ischemic preconditioning of bone marrowderived mesenchymal stem cells induced expression of miRNA-210 and improved cell survival via suppression of caspase-8associated protein-2. 37 The preconditioned mesenchymal stem cells showed improved survival in a rat model of acute MI, and this was associated with higher miRNA-210 levels, although cardiac function was not assessed. It also remains unclear whether increased miRNA-210 expression was critical in this setting because it was not inhibited in vivo. Gene expression of caspase-8 -associated protein-2 was not significantly altered in our study (data not shown).
Multiple miRNA are able to regulate the same targets. In the current study, semaphorin 6d was predicted to be a target of miRNA specifically regulated by PI3K, ie, miRNA-31, miRNA-221 and miRNA-222. Semaphorin 6d was shown to be required for normal embryonic cardiac development, 38 which is a function consistent with the role of PI3K(p110␣) mediating postnatal cardiac growth. 8 Another semaphorin, semaphorin 4b, is a predicted target of miRNA-34a and also is differentially regulated by PI3K. Future studies will be required to directly assess the functional significance of these miRNA in vivo and validate the predicted mRNA targets.
To explore potential mechanisms responsible for protection provided by constitutively active PI3K in a setting of MI, we examined the expression of a well-known target of PI3K, Akt. Akt has been linked with cardiac protection and has been shown to have antiapoptotic properties in the heart. 15 It was previously reported that the phosphorylation of Akt is elevated in hearts of caPI3K-Tg mice and decreased in hearts of dnPI3K-Tg mice under basal conditions. 8 In the current study, Akt activation was elevated in hearts from caPI3K mice under sham-operated conditions compared to Ntg sham, and it remained elevated in a setting of MI compared to all other groups. We also examined protein expression of a predicted target of miRNA-210, BDNF. BDNF protein expression was recently shown to increase in human skeletal muscle after exercise and to enhance fatty acid oxidation via an AMPK-dependent mechanism in electrically stimulated muscle cells. 16 In the healthy heart, fatty acid oxidation is the main metabolic pathway responsible for generating energy, 39 and it increases in response to exercise. 40 By contrast, fatty acid oxidation decreases in a setting of pathological hypertrophy, cardiac stress, and heart failure. 41, 42 In the current study, BDNF protein expression was increased in cardiac myocytes from caPI3K mice (miRNA-210 expression decreased in this setting; caPI3K sham), activation of AMPK was elevated in hearts of caPI3K mice, and gene expression of a key enzyme for fatty acid oxidation in the heart (medium chain acyl-Coenzyme A dehydrogenase; previously shown to be elevated in caPI3K hearts 43 ) was highly correlated with cardiac function in the current PI3K MI study. Together, this suggests that increased PI3K activity might protect the heart against dysfunction after chronic MI by maintaining fatty acid oxidation and Akt activation in the heart.
Here, we identify a set of miRNA and mRNA that are specifically regulated by PI3K(p110␣) and that are associated with a cardioprotective phenotype. We have validated our experimental approach by demonstrating that loss of a protein associated with the cardioprotective phenotype of caPI3K, ie, Grb14, leads to cardiac dysfunction under basal conditions and after MI. Grb14 represents a promising new target for the treatment of heart failure because of its high expression in the heart compared with other tissues. The miRNA or direct targets that mediate the protective properties of PI3K(p110␣) selectively in the myocardium have the potential to restore function to the failing heart and represent attractive therapeutic targets that would be better-tolerated in patients than activating PI3K(p110␣) directly.
